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HucepramniitHa poO0oTa NPUCBSYEHA BUPILICHHIO MpoOjeMu €(EKTHBHOTO
KpP1OKOHCEpPBYBaHHS HOOJMHOKHUX CIEpPMAaTO30i/iB JOIVHU npu
oqiroacreHoreparo3oocnepmii  (OAT). YV naucepramiiiHii poOOTI TEOPETHYHO
OOIPYHTOBAHO, METOJOJIOTIYHO BHM3HAYEHO Ta CTATUCTUYHO MiATBEPAKEHO
BUPIIIEHHS aKTyaJlbHOTO HAayKOBO-TIPAKTUYHOTO 3aBJaHHS KpioOioJiorii, a came:
HAaBEJICHO HOBl1 JlaHl IMOJO BIUIMBY KpioKoHcepByBaHHS 3 10% po3unHOM
nogiBiHuipodigony (IIBII) y skocTi KpiompoOTEKTOPY Ha YJIbTPACTPYKTYpHI Ta
MophodyHKIIIOHATBHI XapaKTePUCTUKHU criepMaTo30iAiB Joauau npu OAT.

[Ticns BinTaBanHs pyxauBuMu BusiBuimcs (78,8 £ 6,6)% criepMaro30ifis, ki
Oynu kpiokoHcepBoBaHi 3 10% po3unHom riinepuny (rpyma I) Ta (41,4 £ 8,1)%
CIIepMaTo30i/iiB, KpiokoHCepBOBaHMX 3 10% pO3YMHOM MOJIBIHIIMIIPOJIITOHOM
(TIBIT) (rpymna II). CBoto xwutTe3aaTHICTE 30eperiu (92,1 £+ 8,6)% Ta (89,6 + 8,6)%
cnepmarto3oiniB rpyn I ta Il BianosigHo. 3pa3ku rpynu [ MicTHIIM TPOHUKAIBHUMA
KpPIONPOTEKTOP, SKUM TNOTpedye BUIAJIEHHS, TOMY MM IOBTOPHO OIIHIOBAJIU
PYXJIMBICTH KJIITHH TICIs MOABIAHOTO 1IeHTpudyryBanHs. He3paxkarouu Ha BUCOKY
YaCTOTY BH>KMBAHHS CIIEPMATO30i1B rpyn# I, micist ueHTpudyryBaHHs 1 BUAAICHHS
KpPIOMPOTEKTOPY  KUIBKICTh ~ PYXJIMBHX  CHEPMATO30iMiB  3MEHIIWIACS  JO
(27,3 = 4,8)%. OckinbKku 3aCTOCYBaHHS HEMPOHUKAIHHUX KpPIOMPOTEKTOPIB HE
BUMAarae iXx BHUBEACHHS, iX PYXJMBICTb 30epirajacs Ha piBHI HAaTUBHUX KIIITHUH

(rpyna III).



Mopdosoriuauii aHami3 MpenapaTiB BUSBUB, [0 YaCTOTAa aHOMAJIIHA TOJIIBKH
crepMmaro3oina ckiana 25,97 + 2,67, 19,21 + 2,67 ta (20,57 £ 1,19)% ans rpyn
I-IIT BigmoBimHO. Y Tpymi I cepen ycix MOXIMBHUX BapiaHTIB MaTOJIOTIi TOJIIBKU
OUTBITY YaCTHHY CKJIAJalld CIIEPMaTO30idd 3 OAHIEI0 BEIMKOIO ab0 MEKUTbKOMa
MaJeHbKMUMH BakyosiMU. YacToTa aHOMamiil mwuiiku Oyina HE3HAYHOIO 1 CKiasa
13,04 £ 0,98, 13,43 +2,14 ta (13,26 = 1,61)% nnsa rpyn  [-III BignoBigHo. Pi3HUIS
y KiIJIBKOCTI CIIEPMATO30i1iB 3 IMATOJIOTIEI0 XBOCTA MIX TpyrnamMu OyJia CTAaTUCTUIHO
He3Hauya (p>0,05). CykymnHicTh neheKTiB TOI1BKH, ITMHKHA Ta CEPEeHbOT YaCTUHU
Oyna 3HAYYIIO HIDKYE Yy CIepMaro3oigax Tmicias KpiokoHcepByBanHs 3 [IBII
(26,26 + 2,61)%, nopiBHstHO 3 KiaiTHHaMu rpynu [ — (35,73 £+ 3,59)%. V HatuBHHX
criepMaro30iiax Iei nmokasHuk ckias (24,88 + 2,44)%.

AHani3 yJapTpacTpyKTypHUX aHOMaii 3’scyBas, mo 83,2 + 8,1, 63,2+ 5,1 ta
(60,7 = 7,5)% cnepmatozoiniB rpymn I[-III manm anomarnii rojiBKu, MIUWKH, XBOCTA
a00 IXHIX YIbTPACTPYKTYPHUX €JIEMEHTIB.

He nuBnsumchk Ha Te, MO 3a JaHWUMH €JIEKTPOHHOI MIKPOCKOIII XpOMAaTHH
CIIEpPMAaTO30i/1IB yCIX JOCIIIKYBaHUX IPyI OyB HIIJIbHO KOHJECHCOBAaHUH, y TpymHax
I-IIT cmocrepiranacss TEHIAEHIST 10 30UIBIICHHS KiJIBKOCTI CHEPMAaTO30iliB 13
smiHeHoto cTpykryporo JHK (y rpym III — «kinbkicTe crepmaTo30imiB 3
Heymkopkenoro JIHK cknana (80,3 £+ 3,0%)). ITicns kpiokoHcepByBaHHS B rpyi |
KUIBKICTBh criepMato3oifiB 13 ¢parmentanicro JJHK cknana 38,8 £ 3,0, y rpymi
IT— (23,1 +2,5)%. 3nauyme miasumienns ¢pparmenTarii JIHK y kpiokoHcepBoBaHHX
CIIepMaTO30i/1ax MOKe OYTH OB’ SI3aHO 13 OKHCIIIOBAIBHO-BITHOBHIMH ITPOIIECAMH,
K1 BAHUKAIOTh Y CIIEPMATO30i/1ax MiJl 4aC KPIOKOHCEPBYBaHHS.

BcranosneHo, 11(0) st KpPIOKOHCEPBYBaHHS CIIEpMaTO30i/1iB
JOCHIKYBIBHUX TPYI KUIBKICTh KJIITHH 3 BUCOKMM MEMOpaHHUM MOTEHI1aJI0M
cranoBwia 34,7 + 4,2 ta 54,5 £ 4,2 ta (74,9 £+ 3,8)% nns rpyn I- 11 BignosigHo.
Taxkum 9ymHOM, TICHsI KpiOKOHCEepBYBaHHs criepmato30imiB 3 [IBII 30epiraerscs
X04a 1 3Ha4yImIo OlIbIIa KUIBKICTh KJIITHH 3 BUCOKMM MEMOpPaHHUM MOTEHIIIAIoM,

HIXK TICIIsE KPIOKOHCEPBYBAHHS 3 TJIIEPUHOM, ajie MEHINA, HDK Y KOHTPOJIBHHUX



3pazkax. lle MoOXHAa TMOSCHUTH HETAaTHBHUM BIUTMBOM KPIOKOHCEPBYBaHHS Ha
GyHKIIOHATBPHY aKTUBHICTH KJIITHH. BomHowac HeoOximHO 3a3zHauutH, 1mo [IBII
BUCTYNA€E K KPIOMPOTEKTOP, BUKOPUCTAHHS SIKOTO MPU3BOAUTH 0 30€pereHHs
3HAYyIO OUIBIIOI KITBKOCTI criepMaro3oifiB y 4osjoBikiB 3 OAT, Hixk HaWOLIbII
MNOIIUPEHUN METO/1 3aMOPOKYBAHHS 3 TJIILIEPUHOM.

Byno BcTaHOBJIEHO ICTOTHI BIJIMIHHOCTI Yy 3JaTHOCTI CIIEpMAaTO30i/diB
nochipkyBaHuX Tpyn meHerperyBatd Zona pellucida (ZP). Immekc i wacrora
neHerpaiii ZP cnepmaTo3oizaMu 3 HOPMO300CHEPMIYHUX EAKYJISITIB € 3HAYyIIOo
BuMH, HiX pu OAT. @akTopu KplOKOHCEPBYBAHHSI HE BIUIMBAIOTh HA 3[aTHICTh
CIepMaTo30i/iB 3B’sA3yBaTucs 3 ZP npu HopMmo3oocnepmii, OJTHaK NPU3BOAATH 110 1l
3Hauyoro 3HmxkeHHs npu OAT.

MopdokiHeTuyHui aHaai3 €MOpIOHIB BHSBHUB, IO 3aIUIiJHEHHS OOIIUTIB
criepMarTo3oiiaMu, KpiloKoHcepBoBaHMMHU 3 10% TIilEpUHOM NPU3BOAUTH [0
3YNUHKH PO3BUTKY Ha cTajii 8-01actomepiB Oinbiie 30% emOpioHiB. Taki eMOpioHH
XapaKTEepU3yBAIKMCh IMIJBUIIEHUM piBHEM (parmeHTamii OjacTomepiB, sKa B
okpemux Bunaakax csraia 100%. Yacrora 670Ky po3BUTKY eMOpiOHIB Ha CTaIIi 8-
MU 0JIaCTOMEPIB, K1 Oy YTBOPEHI IICIIA 3aIUTIHEHHS criepMmaTo3oigamu rpynu I,
BinoBizana wMopdokineTnuHiii kaptuni rpynu III. BigmoBigHo, dactoTa
dbopmyBanns Onactouuct y rpymi | Oyma 3nauymo sHmwkuoro (30,9 £ 3,3), y
MOPIBHSHHI 3 JaHuM mokasHukoM jist rpyn II (45,4 + 4,1) ta 11T (52,4 + 5,2)%
(p<0,01).

Takum yunomMm, BukopuctaHHs [IBII y sikocTi KpionmpoTeKTOpYy A03BOIUIO
OTpUMAaTH  BHUCOKY  4acToTy  30epexkeHHsS  Mop(Oo(dyHKIIOHATbHUX  Ta
YIBTPACTPYKTYPHUX XapPAKTEPUCTUK TMOOJAMHOKHX CIIEPMATO301[IB JIOJUHU TIPH
OAT.

Bnepmie mnokazaHo epeKTHBHICTH KPIOKOHCEPBYBAHHS  TTOOJUHOKUX
cnepmatosoiniB joauan 3 [IBII, ockinbku mMopdosoriddi Ta yabTpacTpyKTypHi

xapakrepuctuku, cran JHK, piBenb 30epexeHOCTI  MITOXOHIPIaIbHOTO



NOTEHIlialy, 3aIUliHIOBAaJbHA 3JaTHICTh Ta PO3BHTKY eMOpioHiB IN Vitro
BIJIMOBIIAI0OTh TAKUM TTPU BUKOPUCTAHHI CBI)KOBUAICHUX KIIITHH .

Pesynprat poGoTH MOXYTh OyTH pPEKOMEHIOBaHI IJii BUKOPHCTAHHS B
y4900BOMY TIPOIIECi B HABYAIBHUX 3aKJIajax JJIsl MiATOTOBKH CIEIIaIiCTIB y PI3HUX
rajxy3sx 010JI0Tii, 30kpeMa Kpio0iojorii, emOpiosorii, Mopdoorii, UTOJIOTIT Ta
TCHETHKH.

Kuro4oBi cjioBa: criepmaTo30i1, KpiOKOHCEpBYBaHHS, MMOIIBIHUIIIPOIIIIOH,

TUIIEPHH, OJIIF0aCTEHOTEPATO300CTIEPMIsi.



ANNOTATION

Gapon G. A. Structural and functional state of single human sperm after
cryopreservation. — The qualified scientific paper as a manuscript.

Thesis for the degree of doctor of philosophy (Ph.D.) in specialty 091 Biology.
— Institute for Problems of Cryobiology and Cryomedicine of the National Academy
of Sciences of Ukraine, Kharkiv, 2021.

The thesis is dedicated to the development of methods of cryopreservation of
human sperm with oligoasthenoteratozoospermia (OAT). The current scientific and
practical problem of cryobiology is theoretically substantiated, methodologically
defined and statistically confirmed: new data are obtained on the effect of
cryopreservation with 10 % solution of polyvinylpyrrolidone (PVP) (m. w. 360000)
as a cryoprotectant on ultrastructural and morphofunctional characteristics of human
sperm with OAT.

After warming, 78.8 + 6.6 % of sperm cryopreserved with 10 % glycerol
solution (group 1) and 41.4 + 8.1 % of sperm cryopreserved with 10 % PVP solution
(group 1) were motile. The viability of sperm after warming was 92.1 + 8.6 % in
group | and 89.6 = 8.6 % in group Il. The samples of group | contained a permeable
cryoprotectant that needed to be removed, thus the cell motility was re-evaluated
after double centrifugation. Despite the high sperm viability in group I, the share of
motile sperm decreased to 27.3 + 4.8 % after centrifugation and removal of the
cryoprotectant. The use of non-penetrating cryoprotectants does not require their
removal, hence the sperm motility remained same as that of the native cells (group
11).

The preparations were analyzed morphologically. The frequency of
abnormalities of the sperm head was 25.97 +2.67, 19.21 + 2.67 and (20.57 £ 1.19)
% for groups I-111, respectively. In group I, the majority of variants of the sperm
head pathologies were sperm with one large or several small vacuoles. The
frequency of cervical abnormalities was insignificant and amounted to 13.04 + 0.98,

13.43 £ 2.14 and (13.26 + 1.61)% for groups I-I11, respectively. The difference in



the number of sperm with tail pathology was statistically insignificant. The sum of
sperm defects was significantly lower in sperm after cryopreservation with PVP
(26.26 = 2.61) % compared with that in group | (35.73 £+ 3.59) %. In native sperm,
this figure was (24.88 + 2.44)%.

Analysis of ultrastructural abnormalities revealed that 83.2 + 8.1, 63.2 £ 5.1
and (60.7 £+ 7.5)% of spermatozoa of groups I-I11, respectively, had abnormalities
of the head, mid piece, tail, or their ultrastructural elements.

According to electron microscopy, sperm chromatin of all studied groups was
densely condensed. Despite that, the percentage of sperm with altered DNA structure
tended to increase in groups I-111 (in group 111, the share of sperm with intact DNA
was (80.3 + 3.0) %). After cryopreservation, the share of sperm with DNA
fragmentation was 38.8 £ 3.0 % in group | and (23.1 + 2.5) % in group Il. A
significant increase in DNA fragmentation in cryopreserved sperm may be
associated with redox processes that occur in sperm during cryopreservation.

After cryopreservation, the number of sperm cells with high membrane
potential was 34.7 + 4.2, 54.5 + 4.2, and (74.9 + 3.8) % for groups | — IlI,
respectively. Thus, there are significantly more cells with high membrane potential
after cryopreservation of sperm with PVP than after cryopreservation with glycerol,
but less than in control samples. That can be explained by the negative impact of
cryopreservation on the functional activity of cells. At the same time, it should be
noted that PVP acts as a cryoprotectant, the use of which leads to the preservation
of significantly more sperm in men with OAT than the most common method of
freezing with glycerol.

We found significant differences in the ability of sperm of the studied groups
to penetrate Zona pellucida (ZP). The index and frequency of ZP penetration by
sperm from normozoospermic ejaculates are significantly higher than in OAT.
Cryopreservation factors do not affect the ability of normozoospermic sperm to bind

to ZP, but lead to a significant reduction in the case of OAT.



Morphokinetic analysis of embryos revealed that fertilization of oocytes with
sperm cryopreserved with 10 % glycerol leads to the arrest of development of more
than 30% of embryos at the 8 blastomeres stage. Such embryos were characterized
by an increased level of blastomere fragmentation, which in some cases reached 100
%. The arrest rate of the 8 blastomeres stage embryos, which were formed after
fertilization with sperm of group I, corresponded to the morphokinetics of group
I11. Accordingly, the blastocyst formation rate in group | was significantly lower
(30.9 + 3.3 %) compared with this parameter for group 1l (45.4 + 4.1 %) and IlI
(52.4 + 5.2%) (p <0.01).

Thus, the use of PVP as a cryoprotectant allowed to achieve a high level of
preservation of morphological, functional and ultrastructural characteristics of single
sperm of men with OAT.

The effectiveness of using PVP in cryopreservation of single sperm of men
with OAT was shown for the first time based on the morphological and
ultrastructural characteristics, DNA status, mitochondrial potential, fertilization and
in vitro embryo development.

The results of the presented study can be recommended for use in the teaching
process in educational institutions for the training of specialists in various fields of
biology, including cryobiology, embryology, morphology, cytology and genetics.

Key words: cryopreservation, sperm, polyvinylpyrrolidone, glycerol,

oligoasthenoteratozoospermia.



CHUCOK NYBJIKALINA 3105YBAYA 3A TEMOIO JIUCEPTALIIT
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